Abstract: 2-Acetylpyridine-4-phenyl-3-thiosemicarbazone (APPT) ligand was incorporated onto Amberlite XAD-2 resin through an azo spacer and characterized by FTIR spectroscopy, elemental analysis, TGA, and SEM analysis. , respectively, with a preconcentration factor of 500 for the 6 studied metal ions.
Introduction
Some heavy metals are essential for life functioning at trace level but most of them are recognized as potentially toxic beyond their permissible limits. 1 The toxicity of heavy metal ions may be caused by the inhibition and reduction of various enzymes by substitution of essential metal ions from enzymes and complexation with certain ligands of amino acids. 2 Thus, accurate and precise determination of trace heavy metal ions in air, water, soil, plant, food, and geological samples has become a major interest of chemists. 3, 4 Flame atomic absorption spectrometry (FAAS) has been extensively employed for the determination of metal ions because of its low cost, high selectivity, and ease of operation. 5 However, direct determination of trace heavy metal ions by FAAS is limited because of matrix interferences and insufficient sensitivity of instruments. 6, 7 To solve this problem, a preconcentration procedure is often recommended prior to the trace determination of heavy metal ions. 8 Several preconcentration based onco-precipitation, 9,10 ion exchange, 11, 12 solvent extraction, 13, 14 and solid phase extraction (SPE) 15, 16 methods have been developed. Among these methods, SPE is the most * Correspondence: elci@pau.edu.tr attractive because of its advantages such as ease of operation, recycling of solid phase, higher preconcentration factor, higher selectivity, lower cost and operation time, and low solvent consumption. 17 For SPE, various materials such as activated carbon, silica gel, polyurethane foam, microcrystalline naphthalene, C18 cartridges, Chelex-100, fullerene, alumina, and Amberlite XAD resins have been widely used as solid phases. 18 Interest has been increasing in the synthesis of chelating resins for SPE due to their high degree of selectivity, versatility, durability, and high metal loading capacity. 19 For the synthesis of chelating resins, chelating ligands are coupled with a polymeric matrix through an azo or methylene spacer. 20 The chelating resins prepared by these methods exhibit excellent resistance to ligand leaching as compared to the impregnation method in which ligands are physically incorporated on the polymer matrix. 21 Effective chelating resins can be designed by choosing a cross-linked polymer matrix and small sized ligand, populated with functional groups of interest. 20 Amberlite XAD-2 has been widely used as a polymeric matrix for the synthesis of chelating resins due to its good physical and chemical properties such as porosity and surface area. 22 Various chelating ligands such as Tiron, 23 o -vanillin thiosemicarbazone, 24 1-(2-pyridylazo)-2-naphthol (PAN), 25 thiosalicylic acid, 26 pyrocatechol, 27 3,4-dihydroxybenzoic acid, 28 2-aminothiophenol, 29 quinalizarin, 30 3-(2-nitrophenyl)- 31 2-(2-benzothiazolylazo)-p -cresol (BTAC), 32 pyrocatechol violet, 33 and oaminophenol 34 have been reported for the synthesis of Amberlite XAD-2 based chelating resins for SPE. Various thiosemicarbazones and phenyl-3-thiosemicarbazones have been widely used as spectrophotometric and spectrofluorimetric reagents for metal ions. 35 Among these, 2-acetylpyridine-4-phenyl-3-thiosemicarbazone (APPT)
1H -1,2,4-triazole-5(4 H)-thione,
ligand is more suitable for metal chelation. 36 APPT has been used as a spectrophotometric reagent for the determination of Cu(II) ions 37 but APPT functionalized solid phase has not been screened for solid phase extractive preconcentration of metal ions.
In the present study, we focused on the synthesis and characterization of APPT functionalized Amberlite XAD-2 resin for solid phase extractive preconcentration and ultratrace determination of Pb(II), Zn(II), Co(II), Ni(II), Cu(II), and Cd(II) ions in water samples by MIS-FAAS using 100 µ L of sample solution per element determination (for a single run). Figure 1 shows the FTIR spectrum of plain Amberlite XAD-2 (a) and Amberlite XAD-2-N=N-APPT resin (b).
Results and discussion

Characterization
FTIR spectroscopy
The characteristic bands in spectrum b at 3351, 3250, 2906, 1637, 1550, and 1309 cm −1 can be attributed to the stretching vibrations of N-H, ArN-H, C-H, C=N, N=N, and C=S, respectively, indicating the successful coupling of APPT with Amberlite XAD-2 through an azo spacer. Figure 2 shows a thermogram of Amberlite XAD-2-N=N-APPT resin with 2 distinct mass loss steps.
Elemental analysis
Thermal gravimetric analysis (TGA)
Step 1 shows mass loss of 7.98% up to the temperature of 99.0 • C, which corresponds to the loss of 2 water molecules per repeating unit of polymeric chelating resin. The theoretical value calculated for mass loss of 2 water molecules is 7.99%.
Step 2 shows mass loss of 29.87% at the temperature range of 197.58-495.09
• C (start-end), which is attributed to the mass loss of the fragment, 1-(1-(pyridin-2-yl)ethylidene)-hydrazinyl per repeating unit of the polymeric chelating resin. The theoretical value calculated for loss of the fragment is 29.78%. The good correlation between experimental and theoretical mass loss values confirmed the successful coupling of APPT with each of the repeating units of Amberlite XAD-2 through an azo spacer. 
Scanning electron microscopy (SEM) analysis
Morphological studies of the modified Amberlite XAD-2 surface were carried out by SEM analysis. Figure 3 shows the SEM images of ground Amberlite XAD-2 resin (a) and Amberlite XAD-2-N=N-APPT resin (b). A clear difference in morphology between the ground Amberlite XAD-2 resin and the resin can be seen in the images, which confirmed the surface modification of Amberlite XAD-2. 
Effect of pH
The surface activity of the resin for metal ions is strongly pH dependent. Thus, the effect of pH on the retention of studied metal ions was investigated. For this purpose, 50 mL of model solution containing 2.5-20 µ g of Pb(II), Zn(II), Co(II), Ni(II), Cu(II), and Cd(II) ions was adjusted to pH 2-10 using desired buffer solutions and passed through the column. The metal ions were eluted with 10 mL of 2.0 mol L −1 HCl. The recoveries of Pb(II), Zn(II), Co(II), Ni(II), Cu(II), and Cd(II) ions were 96.1 ± 3.1%, 96.3 ± 3.5%, 95.0 ± 2.1%, 95.0 ± 3.5%, and 95.6 ± 3.0%, respectively, at pH 8 as shown in Figure 4 . Therefore, pH 8 was chosen as the optimum pH for further experiments. 
Effect of type and concentration of eluent
Effect of flow rate
The effect of flow rate of eluent and sample solution on the recoveries of the studied metal ions was investigated. Table 2 . Therefore, 2.0 and 3.0 mL min −1 were chosen as the optimum flow rates of eluent and sample solution, respectively. Table 2 . Effect of flow rates of eluent and sample solutions on the recoveries of metal ions (V = 50 mL, n = 3). 
Effect of resin amount
The effect of resin amount on the recoveries of the studied metal ions was investigated. For this, 50 mL of model solution was adjusted to pH 8 and passed through the column packed with 100-500 mg of the chelating resin at a flow rate of 3.0 mL min −1 . The retained metal ions were eluted with 10 mL of 2.0 mol L −1 HCl at a flow rate of 2.0 mL min −1 . The quantitative recoveries ( ≥ 95.1%) of the studied metal ions were achieved with 300-500 mg of the resin as shown in Figure 5 . Therefore, 300 mg was chosen as the optimum resin amount for further experiments.
Effect of sample volume
The effect of sample volume on the recoveries of the studied metal ions was investigated. For this, model solution containing 50, 10, 40, 25, 15, and 5.0 µ g of Pb(II), Zn(II), Co(II), Ni(II), Cu(II), and Cd(II) ions, respectively, was diluted to 25-1200 mL and passed through the column at optimum conditions. The retained metal ions were eluted with 10 mL of 2.0 mol L −1 HCl. The recoveries of the studied metal ions from diluted solutions were achieved quantitatively ( ≥ 95.0%) until 1000 mL of sample solution as shown in Figure 6 . Therefore, the preconcentration factor calculated was 500 for all 6 studied metal ions as 2.0 mL of final solution was subjected to MIS-FAAS. 
Effect of matrix ions
The effect of possible matrix ions present in natural water samples on the recoveries of the studied metal ions was investigated. For this, 50 mL of model solution containing matrix ions was passed through the column at optimum conditions. The recoveries of studied metal ions were ≥ 95.0% with RSD ≥ 3.5%, which reflected high tolerance limits of the chelating resin for the studied matrix ions as shown in Table 3 .
Sorption capacity
The capacity of Amberlite XAD-2-N=N-APPT resin for the studied metal ions was examined by determining by plotting a breakthrough curve ( Figure 7 ). The break point occurs when the effluent concentration (C f ) becomes 5.0% of the initial concentration (C i ) and the column attains complete saturation when C f approaches C i .
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The resin amount, initial concentration of studied metal ions, and flow rate of sample solution were fixed as 500 
Sorption mechanism
Incorporation of the polydentate ligand APPT onto Amberlite XAD-2 resin played a vital role in metal ion adsorption. The N and S of Amberlite XAD-2-N=N-APPT resin participated in the metal chelate formation. The formation of APPT-metal (II) complex increased to its maximum at pH 8.0 due to the formation of enolatelike ions. These 2 enolate-like ions interacted with divalent metal ions through S and N to form 5-membered chelate rings (Figure 8 ).
Analytical performance of the method
Validation and accuracy of the proposed method were evaluated by analysis of CRMs. The recoveries of studied metal ions were achieved in good agreement with certified values as shown in The experimental enhancement factors (EFs) and theoretical preconcentration factors (PFs) were calculated from the ratio of the slopes of the calibration equations and from the ratio of the sample solution volumes (1000 mL) to 2.0 mL of final effluent volume, respectively. The relative errors of the experimental enhancement factors were smaller than 7.6%. The limits of detection (LOD) (blank + 3σ , where σ is the standard deviation of blank analysis, n = 15) were calculated according to IUPAC. 39 The analytical performance data and optimum parameters of the method are summarized in Table 5 . The resin was recycled more than 100 times (n = 3) in different intervals of time without significant loss in recoveries and capacities for the studied metal ions. 
Applications of the method
The optimized method was successfully applied for preconcentration and ultratrace determination of Pb(II), Zn(II), Co(II), Ni(II), Cu(II), and Cd(II) ions in wastewater, river water, canal water, and lake water samples.
The samples were analyzed with and without the standard addition method. The recoveries of the studied metal ions were ≥ 95.1% with RSD ≤ 4.0% as shown in Table 6 . Table 6 . Determination of the studied metal ions in spiked water samples (V = 100 mL, n = 3).
Metals
Wastewater River water Canal water Lake water In conclusion, the chelating ligand, APPT, was successfully immobilized on the polymer backbone of Amberlite XAD-2 resin through an azo spacer. The synthesized chelating resin, i.e. Amberlite XAD-2-N=N-APPT, was successfully characterized by FTIR spectroscopy, elemental analysis, TGA, and SEM analysis. The resin was used for the development of an effective preconcentration method for the simultaneous ultratrace determinations of the studied metal ions in different water samples by innovative MIS-FAAS using 100 µ L of sample solution. The analytical performance of the method was evaluated by analysis of wastewater (BCR-715) and Tibet soil (NCS DC-78302) as CRMs for the determination of the studied metal ions. The chelating resin was recycled ( n = 3) more than 100 times in different intervals of time without significant loss in recoveries or capacity values for the studied metal ions. The innovative MIS-FAAS offers 100 µ L of sample for single element determination.
Experimental
Apparatus
The determinations of the studied metals were performed by PerkinElmer FAAS (Analyst 800, USA) equipped with a hollow cathode lamp. The operating parameters for the studied elements were set as recommended by the manufacturer. A PerkinElmer FTIR spectrometer (SN-92417, USA) was used to record the FTIR spectra.
A PerkinElmer (Series II, USA) CHNSO Analyzer 2400 was used for elemental analysis. The thermogram was recorded on a PerkinElmer Thermogravimetric Analyzer (Pyris, Diamond, TG-DTA, 115V, USA) using an aluminum pan with a heating rate of 10
• C min −1 under N 2 atmosphere. A scanning electron microscope (JSM-6490LV, JEOL, Japan) was used to record SEM images. A digital pH meter (Hanna 211, Germany) was used for pH measurements. A reverse osmosis system (Human Corp., Seoul, Korea) was used to obtain ultrapure quality water.
Reagents and solutions
Analytical reagent-grade chemicals were employed for the preparation of all solutions. Ultrapure quality water was used throughout the experiments. The working and reference solutions were prepared daily by dilution of commercial stock solutions (1000 ± 4.0 mg L −1 ) of the studied metal ions purchased from Fluka, Germany.
The buffer solutions, phosphoric acid/dihydrogen phosphate, sodium acetate/acetic acid, disodium hydrogen phosphate/sodium dihydrogen orthophosphate, and ammonium hydroxide/ammonium chloride were used for adjusting pH to 2, 4-6, 7, and 8-10, respectively. All chemicals used for the preparation of buffer solutions were purchased from Sigma-Aldrich, USA. Figure 9 illustrates the reaction scheme for the synthesis of APPT ligand. The APPT was synthesized by the reported procedure; 2 solutions were prepared separately by dissolving 1.0 g of 2-acetylpyridine in 15 mL of water and 0.8 g of 4-phenyl-3-thiosemicarbazide in 50 mL of ethanol. Both solutions were mixed together, neutralized with sodium acetate, and refluxed for 30 min at 80
• C. Thereafter, the reaction mixture was cooled at room temperature until yellow crystals of APPT were formed. The crystalline product was filtered, recrystallized from ethanol, and air dried. Figure 10 illustrates the reaction scheme for the synthesis of Amberlite XAD-2-N 2 -APPT resin. Amberlite XAD-2 was modified to diazonium resin by the reported procedure: a mixture of 10 mL of concentrated HNO 3 and 25 mL of concentrated H 2 SO 4 was poured into a 250-mL round bottom flask containing 5.0 g of Amberlite XAD-2 resin and stirred for 1.0 h at 60
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• C. The reaction mixture was poured into an ice-water mixture and filtered off. The nitro derivative was washed repeatedly with water until free from acid and was refluxed with 
Column preparation
The synthesized chelating resin (ground and sieved to 150-200 µ m) was packed in a glass column (10 cm × 1.0 cm) with a porous disk and stopcock. A small amount of glass wool was placed on the disk at both ends of the column to prevent loss of resin during elution. The resin packed in the column was decontaminated by successive washing with water, 1.0 mol L −1 HCl, water, 1.0 mol L −1 NaOH, water, 2.0 mol L −1 HNO 3 , and finally with water. The column was preconditioned at the desired pH. After the experiments, the resin packed in the column was washed thoroughly with water and then stored in water for reuse on the next day.
Preconcentration procedure
The proposed method was optimized with model solution prior to the ultratrace determination of metal ions in real samples. For this, 50 mL of model solution containing 2-10 µ g of Pb(II), Zn(II), Co(II), Ni(II), Cu(II), and Cd(II) ions was adjusted to pH 2-10 by addition of a suitable buffer solution and then passed through the column gravitationally (manually) at a flow rate of 3.0 mL min −1 . The retained metal ions were eluted with 10 mL of 2.0 mol L −1 HCl. The eluate was evaporated to dryness on a hot plate at ∼40 • C and quantitatively completed to 2.0 mL using 2.0 mol L −1 HCl. Finally, 100 µ L of sample solution was injected into the MIS-FAAS for the determination of the studied metal ions.
Microsample injection system coupled flame atomic absorption spectrometry (MIS-FAAS)
Routinely, 2.0-4.0 mL of sample solution is required for single element determination by FAAS. Multielement determination requires a larger volume, which leads to a lower preconcentration factor. To solve this problem, MIS-FAAS was employed in the present study. 47 For this, the nebulizer needle of the FAAS was coupled with the disposable tip of a micropipette (capacity 20-200 µ L) using a PTFE capillary tube 10.0 cm in length. The micropipette was used to inject the sample solution and absorbance was recorded as peak area. The absorbance increased with increases in injection volume (sample volume) until 100 µ L and then remained constant. The absorbance measured using the injection of 100 µ L was found to be almost equal to the absorbance measured with continuous aspiration under the same instrumental conditions. Therefore, 100 µ L of sample solution was chosen for single analysis.
Analysis of certified reference materials (CRMs)
The proposed method was applied for ultratrace determination of the studied metal ions in CRMs. For this, 2.0 g of Tibet soil (NCS DC-78302) was digested with 20 mL of 2.0 mol L −1 HNO 3 and filtered. The filtrate and wastewater (BCR-715) (3.0 mL) were diluted to 1000 mL with water. The sample solutions were preconcentrated and then subjected to MIS-FAAS according to the proposed method.
